The field of cognitive neuroscience was transformed by the discovery that exercise induces neurogenesis in the adult brain, with the potential to improve brain health and stave off the effects of neurodegenerative disease. However, the basic mechanisms underlying exercise-brain connections are not well understood. We use an evolutionary neuroscience approach to develop the adaptive capacity model (ACM), detailing how and why physical activity improves brain function based on an energy-minimizing strategy. Building on studies showing a combined benefit of exercise and cognitive challenge to enhance neuroplasticity, our ACM addresses two fundamental questions: (i) what are the proximate and ultimate mechanisms underlying age-related brain atrophy, and (ii) how do lifestyle changes influence the trajectory of healthy and pathological aging?
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Over the past decade numerous studies have shown a beneficial effect of aerobic exercise on cognition across the lifespan, with particularly important implications for the aging brain [1] [2] [3] [4] . These positive exercise-induced brain changes have been associated with cognitive benefits supporting exercise as a promising lifestyle intervention, offering potential therapeutic possibilities for both healthy aging and for individuals suffering from neurodegenerative diseases such as Alzheimer's disease [5] [6] [7] . However, despite growing interest in the use of physical activity as a therapeutic intervention, the basic mechanisms underlying exercise-brain connections are not well understood, and studies reveal a high degree of variation in the effects of exercise on the brain. One key limiting factor is that we lack a theoretical explanatory model describing the interactions between exercise, cognition, and the brain, leaving researchers without clearly defined predictions or explanations for the variation across studies (Box 1). Understanding the source of the observed individual differences in response to exercise is particularly important for generating interventions that provide more consistent and universally effective outcomes across the lifespan.
Here, we use an evolutionary neuroscience perspective to propose a new model detailing how and why physical activity influences human brain function. We suggest that exercise is linked to cognition because our evolutionary history included a shift to cognitively demanding foraging patterns that required combining elements of motor control, memory, spatial navigation, and executive functions with high levels of aerobic physical activity. Integrating concepts in evolutionary medicine with those from clinical and cognitive neuroscience, we propose a new ACM to explain how and why exercise protects the brain across the lifespan, leading to enhanced cognitive functions and the potential for successful cognitive aging. The ACM suggests that our
Trends
Recent work has shown that exercise can significantly improve brain structure and function in adults, especially during aging.
We currently lack a comprehensive theoretical model to explain why exercise can lead to improved brain function.
Taking an evolutionary neuroscience approach suggests that physiological systems, including the brain, respond to activity-related stress by expanding capacity, and that reductions in capacity represent an energy-minimizing strategy in response to inactivity.
From an evolutionary neuroscience perspective, physical activity stresses brain function because of the cognitively demanding foraging context in which our ancestors engaged in aerobic physical activity.
The ACM links evolutionary theory with cognitive neuroscience to show that cognitively demanding exercise is beneficial to brain structure and function, and that we can take advantage of this adaptation to help prevent declines due to aging and to developing neurological disease.
